. The smaller areas of endemism are the minimal units of a biogeographical study and could be defined as areas composed by different organisms with peculiar distributions caused by historical factors (HAROLD & MOOI 1994 , MORRONE 1994 ).
An historical approach to the study of these endemic areas, however, has not been used extensively before. Therefore, some studies have accepted areas that do not constitute natural units (see MORRONE 2001 for a review). Hypotheses of area relationships for the region have been developed through approaches that do not rely on detailed phylogenetic information, such as Parsimony Analysis of Endemicity (PAE) (SILVA & OREN 1996 , BATES et al. 1998 , GOLDANI & CARVALHO 2003 . On the other hand, using Brooks Parsimony Analysis (BPA), as in this study, the phylogenetic data is included in order to infer historical relationships among the endemic areas (BROOKS et al. 2001) .
The present study applied BPA to distribution data of Sepedonea, aiming to test combinations of previously proposed areas of endemism for the Neotropical region. There are three important proposals of endemism areas in the region based on a historical perspective. One was developed by AMORIM & PIRES (1996) and a second by MORRONE (2001 MORRONE ( , 2006 . These two proposals have brought a clearer understanding of biogeographical schemes of the Neotropics. One of the analyses was based exclusively on fauna of humid forest, and was applied only to this kind of environment (AMORIM & PIRES 1996) , whereas the other ZOOLOGIA 27 (5): 681-690, October, 2010 analysis includes areas of open vegetation (chacoan subregion) as well as humid areas (MORRONE 2001 (MORRONE , 2006 . The third biogeographical proposal for the neotropics was suggested by NIHEI & CARVALHO (2007) , and resulted from a combination of AMORIM & PIRES ' ( ) and MORRONE's (2001 ' ( , 2006 classifications. Nihei & Carvalho suggested that the Amazonian subregion could be a compound formed by the smaller areas, Northwestern (NWAm) and Southeastern (SEAm). These authors place the areas of AMORIM & PIRES (1996) in a more general biogeographical model that can be applied to wider distributional patterns in the Neotropical region (forested and non-forested endemism areas) (NIHEI & CARVALHO 2007) . The set of analysed areas in this paper was based on the three earlier classifications.
The use of forested areas associated with intervening savanas forests or open grasslands allows to test the influence of these unrelated biomes (open vegetation) on the humid areas relationships (SIGRIST & CARVALHO 2009) . Given that Sepedonea flies inhabit humid environments and are distributed within this area in open vegetation areas (FREIDBERG et al. 1991) , they are excellent organisms for this investigation proposal. Another aspect investigated was the monophyly of Amazonian and Atlantic forests. The high biodiversity found in these biomes has been the topic of a series of debates in the literature, and these have questioned whether the two areas are biogeographical units or not (AMORIM & PIRES 1996 , NIHEI & CARVALHO 2007 , SIGRIST & CARVALHO 2009 ). The results we obtained from our analysis enabled us to present some conclusions regarding the evolutionary history of the Neotropical region. The inclusion of areas such as caatinga, cerrado and pampa in the analysis along with rainforest led to some interesting new results.
MATERIAL AND METHODS
Primary Brooks Parsimony analysis (BPA) was carried out in order to reconstruct area relationships within the Neotropical region (BROOKS et al. 2001) . This biogeographical analysis was based on distributional data of Sepedonea reconciled to its phylogenetic hypothesis ( Fig. 1) (MARINONI & MATHIS 2006) . The analysis consists of constructing an individual area cladogram for the analyzed taxa by replacing species names in the phylogeny with the endemic areas where they occur. All internal and terminal nodes are numbered for later representation in data matrices that will be analyzed by a parsimony algorithm (see the matrices in Appendixes 1 and 2). From this procedure, general area cladograms were established as a general pattern of area relationships (BROOKS et al. 2001) . A hypothetical ancestral area, with total absence of species, was added to the data matrices in order to group by presence rather than by absence of taxa. It was used to root the general area cladograms (CRISCI et al. 2003) . The program Winclada (NIXON 2002) was used to build the data matrix and as a subsequent interface for parsimony analysis using NONA (GOLOBOFF 1993) . Non-supported nodes in resulting trees were collapsed and, if more than one tree was found, a strict consensus was established.
BPA, as a cladistic biogeographic method, has been criticized in the literature (EBACH & HUMPHRIES 2002) . The focus of these critics is based on the 'generational' character of the method, as debated by EBACH & HUMPHRIES (2002) . Actually, cladistic biogeography is about 'discovering' congruence among taxon-area cladograms, rather than 'generating' its presence. In this sense, BPA interprets ambiguity (incongruence) as congruence, based on preconceived beliefs, in this case, of evolution and biogeography, rather than on facts (EBACH & HUMPHRIES 2002) . However, this is a criticism regarding not only to BPA, but also to other methods employed in cladistic biogeography "from a methodological point of view, none of the presently available algorithms for biogeographical analysis are able to deal at the same time with the complete multivariate properties of real data that should be considered during a biogeographical analysis". The complexities include, for example, widespread taxa and missing areas due to extinction. Thus BPA, along with many other methods, does indeed have the cited shortcoming, and the area relationships presented here should be treated as preliminary results that can be further tested using different approaches of cladistic biogeography (SIGRIST & CARVALHO 2009) .
Two area groups were analyzed based on former classifications of endemism in the Neotropical region (AMORIM & PIRES 1996 , MORRONE 2001 , 2006 , NIHEI & CARVALHO 2007 . The BPA's were performed using the area sets previously described by SIGRIST & CARVALHO (2009) . The first analysis used the inner subdivisions of Southeast and Northwest components of AMORIM & PIRES (1996) (Figs 2 and 3) in an attempt to test the monophyly of the Atlantic Forest. An area named Venezuela/Colombia (Ven/Col) was included in this analysis because some distributions were present there (SIGRIST & CARVALHO 2009 
RESULTS
The cladistic analysis of the inner subdivisions of Southeast and Northwest components of AMORIM & PIRES (1996) resulted in a single cladogram of length 32, consistency index of 78 and retention index of 87 (Fig. 5) . For the second analysis two most parsimonious trees were obtained (Figs 6 and 7). In a strict concensus, the resulting cladogram had a length of 43, a consistency index of 58 and a retention index of 60 (Fig. 8 ).
DISCUSSION

Relationships between areas of endemism in the Neotropical region
In attempt to test the monophyly of the Atlantic forest areas, the relationships between the internal sub-components within the Southeast and Northwest components of AMORIM & PIRES (1996) was investigated (Fig. 5) . The monophyly of Atlantic component was found and this implication is congruent with AMORIM & PIRES (1996) . The relationships of areas in this BPA, however, was inconsistent with that presented originally by those authors, who found a basal dichotomy separating the areas of Northwest (NW) and Southeast (SE) components, instead of sequential disjunctions separating them (compare figures 5 and 9). One can observe that the areas directly related to the Amazon appear as the first to derive, then followed by the apical dichotomy separating the Atlantic component from the (Ven/Col (AnMA + Guy)) clade (Fig. 5) . Although the basal dichotomy between the 'NW' and 'SE' components (AMORIM & PIRES 1996) has not been established for Sepedonea distribution, (1996) , on the other hand, found that 'SEAm' grouped with the Atlantic Forest areas, and classifies the Amazon rainforest from this point as non-monophyletic (Fig. 9) . Despite the close relationship between the Southeastern and Southwestern Amazon, the clade formed by the two areas in this BPA had little support, given that it was based on a single homoplastic taxon, suggesting that the relationship between these two areas was not resolved by the analysis. Although 'SEAm' and 'SWAm' are sister-areas in the present BPA, the Amazon does not constitute a monophyletic group.
The cladistic relationship among the areas that form the Atlantic component also differs in our results from the one presented by AMORIM & PIRES (1996) (Figs 5 and 9) . The dichotomy separating North and South areas, as found by AMORIM & PIRES (1996) , has not been confirmed and is obscured by the formation of a polytomic relationship between Northern Rio de Janeiro (NRJ) and two other clades [(NEBR + SBA) and (MGBA (SPRJ + ArgSBR))]. What merits attention in this component are the positions defined for the 'NRJ' and 'MGBA' areas. The grouping of 'MGBA' nearest to the clade formed by São Paulo/ Rio de Janeiro (SPRJ) and the Argentinian and Southern Brazil (ArgSBR) is incongruous with the original proposal (Fig. 9 ), but the relationship found was also determined by the study of SIGRIST & CARVALHO (2009), and was also congruent with the results found by SILVA et al. (2004) for the grouping (SPRJ + ArgSBR). In this latter study the authors studied areas of endemism for birds, discriminating slightly different regions within the Atlantic Forest. With respect to the area 'NRJ', a likely conclusion to be drawn is that its position will be amended as other taxa are added in later analyses. This becomes evident by its polytomic position compared to the other areas. AMORIM & PIRES (1996) defined it within the South Atlantic component forming a monophyletic clade with 'SPRJ' (Fig. 9) .
Despite the lack of internal resolution in the cladogram of areas in the Atlantic region, the areas grouped as a monophyletic clade, as already stated. Atlantic forest has been recently regarded as a biogeographical unit by SIGRIST & CARVALHO (2009) who investigated area relationships in the biome determined by BPA analysis with 12 unrelated taxa, and also by other studies that did not always use a phylogenetic approach (BATES et. al. 1998 , COSTA et al. 2000 . However, monophyly of the Atlantic forest -one of the most biodiverse regions in South America -has been focus of several studies and some of these indicate that the area is hybrid (non monophyletic) (CRACRAFT & PRUM 1988 , COSTA 2003 , NIHEI & CARVALHO 2007 . One possible explanation for the disagreement could be the treatment of Atlantic forest as a disconnected area, long separated from the other biomes in the region. It is possible that central Brasilian forests have played an important role in the evolutionary history of both the humid forest blocks in the Neotropics, thus interfering in the monophyly of each (COSTA 2003) . Note that the scheme for the Neotropical region presented by AMORIM & PIRES (1996) does not include areas related with dry environments, and the Altlantic component areas are treated in this analysis as distinct relative to the other biomes in the region. ZOOLOGIA 27 (5): 681-690, October, 2010
On the other hand, BPAs using Morrone's classification reveal the relationships involving xeric environments (Chacoan subregion) and others in the region. Although Sepedonea characteristically inhabits humid environments, there are records confirming that some species dwell in regions with areas of open vegetation, probably in wet forest enclaves (see distributions of species in figures 10-15).
In this manner a BPA analysis was conducted on the Parana and Chacoan subregions divided into their biogeographical provinces (MORRONE 2001 (MORRONE , 2006 . The Amazonian subregion was treated as NAm, SEAm, SWAm, following NIHEI & CARVALHO (2007) . This analysis sought to investigate the monophyly of Amazonia as well as the results found by NIHEI & CARVALHO (2007) using these divisions in the area. The more specific relationships between the biomes constituents of Chacoan and Parana subregions and the possible influence of dry areas on the historical relationships of humid environments was also investigated.
Two most parsimonious trees were obtained (Figs 6 and 7), and a strict concensus was reached and analyzed (Fig. 8) . In this BPA the area 'SEAm' was classified as a sister-component to the remaining areas. This is inconsistent with the results of NIHEI & CARVALHO (2007), who found it more closely related to areas associated with Parana and Chacoan subregions (Fig. 16) , and with the results of AMORIM & PIRES (1996) , who treated 'SEAm' together with the Atlantic forest clade (Fig. 9) . Thus, the relationships found indicate that the Amazon Forest does not constitute a monophyletic unit.
Although determined by different relationships, the hypothesis of a composite Amazonia has been found in several phylogenetic studies (including NIHEI & CARVALHO 2007, and also CRACRAFT & PRUM 1988 , AMORIM & PIRES 1996 , CAMARGO 1996 , ROIG-JUÑENT & COSCARÓN 2001 , MARKS et al. 2002 , CAMARGO & PEDRO 2003 , CARVALHO et al. 2003 , SIGRIST & CARVALHO 2009 ). Many hypotheses invoking historical factors have been proposed to explain barrier formations (vicariant events) in Amazonia (HAFFER 1997) and some have strongly supported a composite Amazonia. AMORIM & PIRES (1996) , for example, suggested that their grouping of SEAm together with the Atlantic forest clade was probably due to marine transgressions. This involved lake formation along the Amazonas/Madeira/Mamoré rivers in Late Cretaceous. However, see some of the proposed barriers in the literature provide little support for the relationships found. Only one genus fits this assumption. The results found in this study need to be compared with studies of additional taxa, which may lead to a general pattern, before a explanatory vicariant event can be inferred to explain the biogeographical history of Amazonia.
A close relationship involving the Amazon component areas and the Caribbean subregion was established. This close relationship is also supported by previous studies using slightly modified areas (AMORIM & PIRES 1996 , CAMARGO 1996 , CAMARGO & MOURE 1996 , MARKS et al. 2002 , SIGRIST & CARVALHO 2009 ).
The sister-area relationship between Parana and Chacoan subregions, previously defined by NIHEI & CARVALHO (2007) (Fig.  16 ), was unclear due to the basal polytomy comprising this clade. In addition, the Pampa province and Parana subregions were grouped together. Nevertheless, provinces of both subregions together formed a monophyletic grouping (Fig. 8) .
From this BPA the influence of dry biomes (open vegetation) on the humid areas' relationships was observed. The lack of resolution on grouping provinces from Chacoan and Parana subregions in a polytomic clade can clearly be associated with Sepedonea species dependent on wet vegetation that are distributed over open vegetation areas. Especially in the Cerrado, PORZECANSKI & CRACRAFT (2005) concluded that the presence of forest-dependent species in that region would be the main factor influencing the polytomic outcome of the Atlantic forest and South America's arid areas (Cerrado, Chaco and Caatinga) in their study.
In the current analysis the grouping identified from the Pampa region suggests that the Chacoan subregion, as well as the Parana subregion, are actually compound entities, not natural units. In this case, dividing Chacoan and Parana subregions into minor areas of endemism altered the hypothesis of monophyly for the Atlantic Forest. The Pampa province has been commonly associated with other constituent areas making up the "diagonal of open formations", in the center of South America, producing unexpected results in this analysis (MORRONE 2001 (MORRONE , 2006 . The existence of Sepedonea individuals in areas corresponding to the Pampa biome precipitated the grouping of this province and the humid environments. As was previously suggested, the reason for the grouping is that these species probably occur in enclaves of humid forest present in the area. In fact, the Pampa region has been considered as a mosaic of biotic elements originating from the Chaco and Monte provinces, and the Atlantic and Parana Forests (PORZECANSKI & CRACRAFT 2005 , MORRONE 2006 .
The results obtained from this BPA emphasize the importance of including savana biomes in the investigation of humid environment relationships. The inclusion of these dry areas in biogeographic analyses of forested areas in Neotropical region has been previously advocated (COSTA 2003 , SIGRIST & CARVALHO 2009 . In this manner, the Central Brazilian areas could be the site of historical factors that have influenced the evolutionary history of Amazon and Atlantic forests. Central Brazilian areas probably still play an important role as present and past habitats for rain forest species (COSTA 2003) . Sepedonea as well as many other taxa living in dry areas are, in fact, present in the gallery forests found along rivers in these areas. Thus, if these chacoan areas were neglected in the analysis, the true evolutionary history of the region could be masked.
From this point of view, we agreed with NIHEI & CARVALHO (2007) as well as SIGRIST & CARVALHO (2009) , in that a mixed classification for the Neotropical region, using both AMORIM & PIRES ' ( ) and MORRONE's (2001 ' ( , 2006 areas, will reflect the results 
Final considerations: the incongruence of branching pattern
In general the results produced in this study were not congruent with earlier proposals. Although the principal idea behind cladistic biogeography involves general explanations (vicariance) as the cause of widespread biogeographic patterns, the biogeographic history involving areas and distributed organisms are in fact more complex than expected in a simple search for congruent patterns. The phylogenies of species are mostly divergent among organisms whereas the relationships between geographic areas are commonly lattices, showing repeated episodes of connection and disconnection among them (DONOGHUE & MOORE 2003) . The Neotropical region is a good example of this intricate biogeographical pattern, and this is evident in various hypotheses about relationships between areas of endemism. The different hypotheses lend themselves to different explanatory proposals (CRACRAFT & PRUM 1988 , PRUM 1988 , AMORIM & PIRES 1996 , SILVA & OREN 1996 , BATES et al. 1998 , MORRONE & COSCARÓN 1998 , RON 2000 , MARKS et al. 2002 , PORZECANSKI & CRACRAFT 2005 , BORTOLANZA et al. 2006 , HUBERT & RENNO 2006 , NIHEI & CARVALHO 2007 .
It can be concluded that a single history explaining the current distribution of organisms in the Neotropical region is unlikely (COSTA 2003) . BATES et al. (1998) concluded in the same way after finding relationships between areas inconsistent with topologies previously hypothesized for the region. Thus the pattern found here for Sepedonea should not be necessarily consistent with more general classifications previously established, as this pattern may not be related to the same events involved in the diversification of the groups used in the determination of those patterns (pseudoincongruence) (DONOGHUE & MOORE 2003 , BORTOLANZA et al. 2006 . In this context, however, the possibility of similar patterns in time and space is not excluded, as theoretically assumed by cladistic biogeography. This indicates the need to include temporal information in this type of study, more precisely the time of diversification inferred from molecular phylogeny. In this way, the expected patterns from cladistic biogeography can be discovered with less doubt. Further, comparable standards may be approached with greater reliability, as well as allowing more objective associations between them and pre-defined geological events (DONOGHUE & MOORE 2003) .
Another issue that could be related to the incongruence found are the shortcomings attributed to the employed method, discussed above under 'Material and Methods'. However, in the case which the original proposal was based on the same method (NIHEI & CARVALHO 2007) , this shortcoming is unlikely to be the cause of incongruence. In fact, the results here obtained are preliminary and should be tested by other methods of cladistic biogeography. Their relevance, on the other hand, is assumed, given the necessity of analyzing further taxa to help uncover the biogeographical history of the region.
Finally, with respect to the different biomes of the Neotropical region and their historical relationships, it is important to note that although the analysis of AMORIM & PIRES ' (1996) areas found Atlantic forest to be monophyletic, and the Amazon in general was found to be a composite area, the open grassland areas, if excluded from the analysis, can mask the true results. For this reason they should always be included in studies of area relationships in the Neotropics. 
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